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(54) Duplexer 

(57) A duplexer (1 ) includes a high-frequency switch 
(SW), an LC filter (F1) serving as a low-pass filter, and 
an SAW filter (F2) serving as a band-pass filter. The 
high-frequency switch includes diodes (D1 , D2), capac- 
itors (C1, C2), and transmission lines (STL 1, STL 2). 
The LC filter (F1) includes capacitors (C3, C4. C5) and 
transmission lines (STL3, STL 4). The high-frequency 



switch (SW) and LC filter (F1) are built into a multi-layer 
ceramic substrate (10), while the diodes (D1 , D2) of the 
high-frequency switch (SW) and the SAW filter (Fl) are 
mounted on the substrate (10). The substrate (10) is 
made of a low-temperature-baked ceramic material. 
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Description transmission line and a capacitor built into the multi- 

layer substrate; and 

BACKGROUND OF THE INVENTION 

at least one SAW filter mounted on the multi-layer 
1 . Field of the Invention 5 substrate. 



The present invention relates to duplexers for use in 
a mobile communication transceiver such as an auto- 
mobile phone or a portable phone. 

2. Description of the Related Art 

Fig. 5 is a block diagram showing the general com- 
ponents of a duplexer. A duplexer 1 is a composite high- 
frequency component which protects the transceiver's 
receiver from transmission power when transmitting and 
which supplies a received signal to the receiver when 
receiving, so that the transceiver can use one antenna 
ANT for both transmitting and receiving. By mounting 
compact, surface-mount components such as filters F1 
and F2 and a switch SW on a highly dense printed cir- 
cuit board, the duplexer is made compact and light- 
weight. 

It is expected that mobile communication units, typ- 
ical of which are an automobile phone and a portable 
phone, including this duplexer 1, will in the future con- 
tinue to be made more compact and lightweight while 
being provided with higher functions. To achieve this tar- 
get, it is inevitable to make the mounted duplexer 1 
more compact and lightweight. 

Since a conventional duplexer has a discrete filter 
and a switch mounted on a printed circuit board, how- 
ever, it is difficult to make the duplexer more compact 
and lightweight. Especially in a filter, its performance 
and size are generally trade-offs. The higher the per- 
formance of the filter, the larger the dimensions, and 
therefore, the filter is prevented from being made com- 
pact and lightweight. Conversely, when the filter is made 
compact due to the size limitations of a mobile commu- 
nication unit on which the duplexer is mounted, its filter- 
ing characteristics are insufficient and a compromise 
must be made on unit performance. 

SUMMARY OF THE INVENTION 

The present invention is made to solve the forego- 
ing problem. Accordingly, it is a feature of the present 
invention to provide a duplexer which can be made com- 
pact and lightweight by integrating a high-frequency 
switch and a filter. 

The foregoing feature is achieved in the present 
invention through the provision of a duplexer including: 

a multi-layer substrate formed by laminating a plu- 
rality of dielectric layers; 

at least one high-frequency switch formed by a 
diode mounted on the multi-layer substrate and a 



In the above duplexer, since the SAW filter is 
mounted on the multi-layer substrate formed by laminat- 
ing a plurality of dielectric layers and constituting the 

10 high-frequency switch, and integrated, the area required 
for mounting the high-frequency switch and the SAW fil- 
ter on a printed circuit board is reduced and the 
duplexer can be made compact and lightweight. The 
cost of fie duplexer can also be reduced. 

15 The duplexer may further include at least one LC f 3- 
ter formed by a transmission line and a capacitor and 
built into the multi-layer substrate. 

According to this duplexer, since the LC filter is also 
built into the multi-layer substrate and integrated, the 

20 dimensions of the duplexer are further reduced as com- 
pared with a conventional duplexer in which a discrete 
high-frequency switch and filter are mounted on a board 
and connected. Therefore, the duplexer can be made 
even more compact and lightweight 

25 Since the high-frequency switch and the filters can 
be designed at the same time, impedance matching of 
the high-frequency switch and the filters can easily be 
achieved. Therefore, a matching circuit becomes 
unnecessary, and the cost of the duplexer is reduced. 

30 In the duplexer, a low-temperature-baked ceramic 
material may be used to form the multi-layer substrate. 
With a low-temperature-baked ceramic material, a plu- 
rality of dielectric layers and electrodes which form a 
transmission line and a capacitor on the plurality of the 

35 dielectric layers can be collectively baked. Therefore, 
the manufacturing process of the duplexer can be short- 
ened and the cost thereof is reduced. 

According to a duplexer of the present invention, 
since both a high-frequency switch and a filter are 

40 formed on a multi-layer substrate having a plurality of 
laminated, integrated dielectric layers, the overall 
dimensions become smaller than those of a conven- 
tional duplexer in which a discrete filter and a high-fre- 
quency switch are mounted on a board and connected. 

45 Also, since the filter and the high-frequency switch are 
designed at the same time, impedance matching for the 
filter and the high-frequency switch can easily be imple- 
mented. 



so BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a duplexer according to 
an embodiment of the present invention. 

55 Fig. 2 is a cross-section of the duplexer shown in 
Fig. 1. 

Fig. 3 is a detailed partial cross-section of the 
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duplexer shown in Fig. 1 . 

Fig. 4 is a block diagram of a duplexer according to 
another embodiment of the present inven- 
tion. 5 

Fig. 5 is a block diagram showing the general com- 
ponents of a duplexer. 



DESCRIPTION OF EMBODIMENTS OF THE INVEN- 
HQN 
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Embodiments of the present invention will be 
described below by referring to the drawings. 

Fig. 1 is a circuit diagram of a duplexer according to is 
an embodiment of the present invention. A duplexer 1 is 
formed by a high-frequency switch SW, an LC filter F1 
serving as a low-pass filter, and an SAW filter F2 serv- 
ing as a band-pass filter. 

The high-frequency switch SW is used for connect- 20 
ing either a transmission circuit Tx or a receiving circuit 
Rx to an antenna ANT in a mobile communication unit, 
typical of which are an automobile phone and a portable 
phone. The high-frequency switch SW is connected to 
the antenna ANT, to the LC filter F1 . and to the SAW f il- 25 
ter F2. 

A first port P1 of the high-frequency switch SW, 
which connects the high-frequency switch SW to the LC 
filter F1, is connected to the anode of a diode D1. The 
anode of the diode D1 is grounded through a transmis- 30 
sion line STL1 and a capacitor C1 . The connection point 
between the transmission line STL1 and the capacitor 
C1 is connected to a control terminal V1. The cathode 
of the diode D1 is connected to a second port P2 which 
connects to an external electrode for the antenna. 35 

The second port P2 is also connected to an end of 
a transmission line STL2. The other end of the transmis- 
sion line STL2 is connected to a third port P3 which con- 
nects to the SAW filter F2, and is also grounded through 
a series circuit of a diode D2 and a capacitor C2. The 40 
connection point between the diode D2 and the capaci- 
tor C2 is connected to a control terminal V2. 

The LC filter F1 is a Butterworth-type low-pass fil- 
ter. Between the external transmitter electrode TX and 
the first port P1 of the high-frequency switch SW, trans- 45 
mission lines STL3 and STL4 are connected. The con- 
nection point between the transmission line STL3 and 
the external transmitter electrode Tx, the connection 
point between the transmission line STL3 and the trans- 
mission line STL4, and the connection point between so 
the transmission line STL4 and the first port P1 of the 
high-frequency switch SW are grounded through capac- 
itors C3, C4. and C5. respectively. 

Fig. 2 and Fig. 3 are a cross-section and a detailed 
partial cross-section of the duplexer 1 shown in Fig. 1. 55 
The duplexer 1 includes a multi-layer substrate 10 
formed by a tow-temperature-baked ceramic material 
which can be baked, for example, at a temperature of 



850°C to 1000°C and which has barium oxide, alumi- 
num oxide, and silica as main components. The multi- 
layer substrate 10 is formed by sequentially laminating 
first to 1 8th dielectric layers 1 1 to 28 from the top. A first 
cavity 29 is made at a position from the first dielectric 
layer 1 1 to the fifth dielectric layer 1 5. and a second cav- 
ity 30 is made at a position from the sixth dielectric layer 
16 to the eighth dielectric layer 18. The SAW fitter F2 is 
mounted by bonding wires 2 in the second cavity 30 and 
a metal cap 3 covers only the opening of the first cavity 
29. The diodes D1 and D2 of the high-frequency SW are 
mounted on the first dielectric layer 1 1 . Capacitor elec- 
trodes C11 . C21 , C31 . C41 . and C51 are formed on the 
tenth, 14th, 15th, and 16th dielectric layers 20, 24, 25, 
and 26. 

Stripline electrodes L31, L41, L11, L21, L12, and 
122 are formed on the sixth, eighth, 12th, and 14th die- 
lectric layers 16, 18, 22, and 24. Ground electrodes G1 
to G4 are formed on the ninth, 1 1th, 13th, and 17th die- 
lectric layers, respectively. On the lower surface of the 
18th dielectric layer 28, the external transmitter elec- 
trode, an external receiver electrode, the external elec- 
trode for the antenna, an external control electrode (not 
shown), and a ground electrode G5 are formed. 

The capacitors C1 and C2 of the high-frequency 
switch SW are formed by the capacitor electrode C1 1 
and the ground electrode G1. and the capacitor elec- 
trode C12 and the ground electrode G2, respectively. 
The capacitors C3. C4, and C5 of the LC filter F1 are 
formed by the capacitor electrodes C1 1 , C21 , and C31 
and the ground electrode G4, respectively. 

The transmission lines STL1 and STL2 of the high- 
frequency switch SW are formed by the stripline elec- 
trodes L11 and L12. and the stripline electrodes L21 
and L22. respectively. The transmission lines STL3 and 
STL4 are formed by the stripline electrodes L31 and 
L41 , respectively. 

With the structure descrtoed above, the duplexer 1 
having the circuit shown in Fig. 1 is configured on one 
multi-layer substrate. 

As described above, according to the duplexer of 
the first embodiment, since the SAW filter is mounted on 
the multi-layer substrate formed by laminating a plurality 
of dielectric layers constituting the high-frequency 
switch, and the LC filter is built into the substrate and 
integrated, the area required for mounting the high-fre- 
quency switch, the LC filter and the SAW filter on a 
printed circuit board can be reduced and the duplexer 
can be made compact and lightweight as compared 
with a conventional duplexer in which a discrete high- 
frequency switch and filter are mounted on a board and 
connected. The cost of the duplexer can also be 
reduced. 

Since the high-frequency switch and the filter can 
be designed at the same time, impedance matching of 
the high-frequency switch and the filter is easily 
achieved. A matching circuit is not required and the cost 
is reduced. 
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3. 



4. 



Since a low-temperature-baked ceramic material is 
used for the multi-layer substrate, a plurality of dielectric 
layers and electrodes on the plurality of dielectric layers 
for forming transmission lines and capacitors can.be 
collectively baked. Therefore, the manufacturing proc- 5 
ess is made short and the cost is also reduced. 

The duplexer can be made even more compact and 
lightweight since the SAW filter is mounted in a cavity of 
the multi-layer substrate and the metal cap covers only 
the opening of the cavity. 10 

In the above embodiment, the duplexer includes 
only one high-frequency switch, one SAW filter, and one 
LC filter. However, the duplexer may include a plurality 
of high-frequency switches, SAW filters, and LC filters. 
For example, as shown in Fig. 4, one high-frequency 75 
switch SW and two SAW filters F2 and F3 serving as 
band-pass filters having different pass bands may be 
provided at a receiving circuit Rx. In this case, for exam- 
ple, when the SAW filter F2 has a pass band of 800 M Hz 
and the SAW filter F3 has a pass band of 1 .5 GHz, radio 20 
waves from two systems, a personal digital cellular 800 
(PDC 800) using an 800 MHz signal and a PDC 1500 
using a 1500 MHz signal, can both be received. 

The circuit diagram and the detailed partial side 
view of the high-frequency switch shown in Fig. 1 and 25 
Fig. 3 show one example. However, any high-frequency 
switch formed by a diode mounted on a multi -layer sub- 
strate, and a transmission line and a capacitor built into 
the multi-layer substrate, can be within the scope of this 
invention. 30 

The circuit diagram of the LC filter shown in Fig. 1 
shows one example. However, any LC filter formed by a 
transmission line and a capacitor built into a multi-layer 
substrate can be within the scope of the present inven- 
tion. 35 5. 

In the above embodiment, the SAW filter is a band- 
pass filter and the LC filter is a low-pass filter. However, 
they may both be band-pass filters, for example. 

In the above embodiment, the SAW filter is 
mounted in a cavity of the multi-layer substrate. How- 40 
ever, the SAW filter may be mounted on a surface of the 6. 
multi-layer substrate. 

In the above embodiment, the transmission lines 
STL1 to STL4 are formed by striplines. They may be 
formed by microstriplines or coplanar guide lines as 
well. 

In the above embodiment, the low-temperature- 
baked ceramic substrate is made from a material having 
barium oxide, aluminum oxide, and silica as main com- 
ponents. Other materials, such as a material having 
barium oxide, silica, strontium oxide, and zirconium 
oxide as main components or a material having calcium 
zirconium oxide and glass as main components may be 
used as well. 

Claims 



a multi-layer substrate (10) comprising a plural- 
ity of laminated, cof ired dielectric layers (1 1 - 
28); 

at least one high-frequency switch (SW) com- 
prising a diode (D1) mounted on said multi- 
layer substrate (10) and a transmission line 
(STL 1) and a capacitor (C1) within said multi- 
layer substrate (10), said transmission line 
(STL 1) and said capacitor (C1) each being 
formed by respective conductors on a plurality 
of said layers (1 1 - 28); and 

at least one SAW filter (F2) mounted on said 
multi-layer substrate (10). 

A duplexer (1) according to Claim 1, wherein said 
high-frequency switch (SW) and said SAW filter 
(F2) are interconnected by conductors on respec- 
tive layers within said multi-layer substrate (10). 

A duplexer (1) according to Claim 1 or 2, wherein 
said dielectric layers (1 1 - 28) and said multi-layer 
substrate (10) comprise a low-temperature-baked 
ceramic material. 

A duplexer (1) according to one of the Claims 1 to 3, 
further comprising: 

at least one LC filter (F1) comprising a trans- 
mission line and a capacitor each formed by 
respective conductors on a plurality of layers 
within said multi-layer substrate (10). 

A duplexer (1) according to Claim 4, wherein said 
LC filter (F1), said high-frequency switch (SW) and 
said SAW filter (F2) are interconnected by conduc- 
tors on respective layers within said multi-layer sub- 
strate (10). 

A duplexer (1) according to Claim 4 or 5, wherein 
said dielectric layers (1 1 - 28) and said multi-layer 
substrate (10) comprise a low-temperature-baked 
ceramic material. 



1 . A duplexer (1 ) comprising: 
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(54) Duplexer 

(57) A duplexer (1 ) includes a high-frequency switch 
(SW), an LC filter (F1) serving as a low-pass filter, and 
an SAW filter (F2) serving as a band-pass filter. The 
high-frequency switch includes diodes (D1, D2), capac- 
itors (C1, C2). and transmission lines (STL 1, STL 2). 
The LC filter (F1 ) includes capacitors (C3, C4, C5) and 
transmission lines (STL3, STL 4). The high-frequency 



switch (SW) and LC filter (F1 ) are built into a multi-layer 
ceramic substrate (10), while the diodes (D1 , D2) of the 
high-frequency switch (SW) and the SAW filter (F1) are 
mounted on the substrate (10). The substrate (10) is 
made of a low-temperature-baked ceramic material. 
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